Benign multiple sclerosis is a retrospective diagnosis based primarily on a lack of motor symptom progression. Recent findings that suggest patients with benign multiple sclerosis experience non-motor symptoms highlight the need for a more prospective means to diagnose benign multiple sclerosis early in order to help direct patient care. In this study, we present optical coherence tomography and T cell neurotrophin gene analysis findings in a small number of patients with benign multiple sclerosis. Our results demonstrated that retinal nerve fiber layer was mildly thinned, and T cells had a distinct gene expression profile that included upregulation of interleukin 10 and leukemia inhibitory factor, downregulation of interleukin 6 and neurotensin high affinity receptor 1 (a novel neurotrophin receptor). These findings add evidence for further investigation into optical coherence tomography and mRNA profiling in larger cohorts as a potential means to diagnose benign multiple sclerosis in a more prospective manner.
Introduction
Diagnosis of benign multiple sclerosis (BMS) is a clinical challenge. BMS diagnosis is primarily retrospective and is heavily weighted towards motor progression, and in particular depends on a condition that an Expanded Disability Status Scale (EDSS) ≤ 3 after at least 10 or 15 years of disease onset without disease modifying therapy (DMT) (Ramsaransing and De Keyser, 2006; Zimmermann et al., 2013) . However, recent reports have demonstrated that BMS patients experience a range of non-motor symptoms including cognitive dysfunction, pain and depression (Hviid et al., 2011; Sayao et al., 2011; Correale et al., 2012) . Thus, identifying a prospective means to diagnose BMS has significant implications for treatment and patient management as these symptoms can negatively impact quality of life. Investigating the plausibility of using newer technologies to diagnose BMS represents one approach to achieve this goal.
In this study, we reported a small case series of BMS patients with their clinical course, magnetic resonance imaging (MRI), optical coherence tomography (OCT) and T cell gene expression analysis in our study. We provide evidence that OCT and mRNA profiling represent plausible technologies to pursue in larger cohorts that aim to further differentiate BMS from progressive MS.
Subjects and Methods

Subjects
The study was conducted in compliance with the principles of the Declaration of Helsinki. The University of Vermont institutional review board reviewed and approved the study protocol (approval No. CHRMS09-092). All patients provided written informed consent. Three patients with BMS were recruited from the Multiple Sclerosis Center at the University of Vermont. The diagnosis of BMS was based on an Expanded Disability Status Scale (EDSS) ≤ 3 after at least 10 or 15 years of disease onset (Ramsaransing and De Keyser, 2006) . Since disease modifying therapy (DMT) use/non-use was significantly associated with maintaining a benign disease state (Zivadinov et al., 2016) and also can modulate the loss of retinal nerve fiber layer (RNFL; Button et al., 2017) , we focused on patients with BMS who maintain a non-progressive benign status without prior treatment with DMT.
OCT scanning
The OCT images were obtained using the time-domain Stratus device (TD-OCT, Carl Zeiss Meditec, Dublin, CA, USA). We performed ATON study and confirmed OCT scanning competence (Sergott et al., 2015) . The whole OCT scanning protocol was performed according to a previous report (Sergott et al., 2015) . Only good-quality scans defined as signal strength > 8 (maximum, 10), centered optic disc, and uniform brightness were used (Cruz-Herranz et al., 2016) .
T cell isolation and culture T cell isolation, activation and culture were performed according to a previous study by Soltys et al. (2014) . Briefly, peripheral blood mononuclear cells (PBMCs) were obtained from the whole blood by standard Ficoll gradient centrifugation. T cells were isolated from this cell population using a Pan T cell isolation kit (Miltenyi Biotech Inc. Auburn, CA, USA) according to manufacturer protocol. In brief, non-T cells were bound with biotin conjugated antibodies against CD14, CD16, CD19, CD36, CD56, CD123, and glycophorin A. These cells were captured with anti-biotin microbeads and magnetically depleted by passing the cells through the column (negative selection) to produce a highly pure (90-97%) population of T cells. Cell purity was confirmed by flow cytometry using human T cell receptor (TCR) staining (FITC conjugated mouse anti-human TCR standard FiPharmingen). Isolated T cells were cultured in T cell complete media (RPMI media, 10% fetal calf serum, 2.5 g/L glucose, 2 nM glutamine, 10 µg/ mL folate, 1 mM pyruvate, 50 µM 2-mercaptoethanol). Cultures were stimulated with human anti-CD3 and anti-CD28 monoclonal antibodies (5 µg/10 6 cells) and cultured for 48 hours, at 37°C and 5% CO 2 . Prior to RNA extraction, all cells were collected via centrifugation and the supernatants immediately frozen at -80°C for protein analysis. mRNA isolation mRNA isolation and profiling were described according to previous reports (Soltys et al., 2014; . In brief, RNA was extracted from T cells using the RNeasy RNA Extraction Kit (Qiagen). RNA quality control and integrity were assessed with an Agilent 2100 Bioanalyzer (Agilent Technologies Inc. Santa Clara, CA, USA). Absence of genomic DNA contamination was confirmed by RT-qPCR. RNA samples were reverse transcribed to cDNA using the SuperArray RT2 First Strand Kit (Invitrogen, Thermo Fisher Scientific, Waltham, MA, USA), according to manufacturer protocol.
Gene array and real time-quantitative polymerase chain reaction (RT-qPCR) RNA (200 ng) was reversed transcribed to cDNA using the SuperArray RT-2 First-Strand cDNA synthesis kit (SA Biosciences, QIAGEN Inc., Germantown, MD, USA). cDNA samples were run on the SuperArray plate "Neurotrophins and Receptors" (PAHS-31A, SABiosciences, QIAGEN Inc., Germantown, MD, USA) using Applied Biosystems 7900HT (Applied Biosys- tems Inc., Foster City, CA, USA), to analyze 84 neurotrophic factors and receptors, and 5 housekeeping genes.
Results were quantified using the 2-ample method and expressed as a fold difference with respect to the healthy control group (n = 5, 4 females and 1 male, aged 33 ± 12 years, recruited from the Multiple Sclerosis Center at the University of Vermont, USA). For all analysis, a Ct cutoff of > 35 was used to define a gene as undetectable. All prepared graphs and statistical analyses were run using GraphPad ® Prism software (GraphPad Software Inc.). Analysis of variance and Benjamini-Hochberg post-test were used to determine significance. The candidate genes were further confirmed by RT-qPCR using Applied Biosystems 7500 (Thermo Scientific, Grand Island, NY, USA). RT-qPCR method was described in previous studies (Soltys et al., 2014; . Amplification consisted of 40 cycles of 95°C for 15 seconds and 60°C for 1 minute with approximately 15 ng/μL cDNA. TaqMan Master Mix and specific primer pairs for leukemia inhibitory factor (LIF) and interleukin-10 (IL-10) were purchased from Applied Biosystems (assay on demands primers) (Applied Biosystems Inc., Foster City, CA, USA). RT-qPCR was performed using Taqman ® Master Mix (Applied Biosystems Inc.,) and applied Biosystems 7500 Fast Software (Applied Biosystems Inc.).
Statistical analysis
SuperArray statistical analysis was done with the PCR Data Array Web Portal provided by SABiosciences. Pairwise com- parisons between groups of experimental replicates were performed. A level of P < 0.05 was considered statistically significant. Analysis of variance and Benjamini-Hochberg post-test were used to determine significance. Data were exported and all prepared graphs and statistical analyses were run using GraphPad ® Prism 6 software (GraphPad Software Inc., San Diego, CA, USA).
Results
Patient #1
The case was a 68-year-old female who experienced an episode of right optic neuritis at the age of 32 years. The symptoms of optic neuritis resolved over several weeks without treatment. Twenty-one years later, she developed left-sided numbness and Lhermitte's phenomena. MRI at that time showed non-enhancing hyperintense lesions in the deep white matter of the brain; there were no cervical spine lesions. A diagnosis of MS was given at the age of 57. Repeat MRI in 2-3 years later showed no new lesions or progression. Her symptoms improved though there was some residual numbness in her left hand, which could be brought on by heat. She began to experience depressive symptoms 5 years later including fatigue and disinterest in physical activity which responded to Escitalopram (Lexapro). Nine years after diagnosis, MRI showed one new non-enhancing hyperintense signal in the left hemisphere with no other new change or progression. She developed bladder symptoms in the 11 th year after diagnosis, but the MRI showed no new additional changes ( Figure 1#1 ).
Patient #2
The case was a 63-year-old right-handed female. At the age of 35 years, she developed Lhermitte's phenomena after recovering from a 2-month episode of viral myelitis. She then had bilateral trigeminal neuralgia (BTN) one year later. Her symptoms were well controlled with Carbamazepine (Tegretol). She was diagnosed with MS 3 years later at the age of 38 years. Her MRI at the diagnosis showed several hyperintense deep white matter foci in the brain without cervical spine lesions. Since the diagnosis, she has had only minor exacerbations of BTN, and the latest one was 5 years ago. Her physical exam 25 years after being diagnosed with MS showed decreased vibratory/proprioceptive sensation in both feet. Romberg was negative but she had a tendency to sway. Deep tendon reflexes were hyperactive. Repeat brain MRI at that time revealed several periventrical non-enhancing hyperintense signals ( Figure  1#2 ). Follow-up has revealed no progression of neurologic deficit and her ambulation remains fully unrestricted.
Patient #3
The case was a 32-year-old female diagnosed with right optic neuritis at the age of 12 years. She experienced right-sided numbness for 4-5 weeks 5 years later at the age of 17 and was diagnosed with MS. The patient experienced bilateral internuclear ophthalmoplegia 7 years after diagnosis at the age of 24 years. She was treated with 3-day course of methylprednisolone (Solumedrol) but no other disease-modifying therapy (DMT). Since this episode, the patient has had no disease progression. Though she could not recall an episode of visual loss, based on her exam, she had subtle right relative afferent pupillary defect and temporal pallor in her right eye which was most likely due to past right optic neuritis. The only other bnormality was hyperreflexia in all extremities. The MRI of her brain showed two lesions in the corpus callosum, a small brain stem lesion, and a left frontal periventricular lesion (Figure 1#3) .
We performed OCT on each patient. Patient age, disease duration, EDSS at the time of OCT, and blood drawing (described below) are summarized in Table 1 . Of note, in these patients, the EDSS was only 1.0-1.5 despite disease duration ranging from 17 to 32 years. The mean RNFL thickness was mildly decreased in the optic neuritis affected eyes while healthy non-optic neuritis eyes had relatively normal RNFL ( Table 1) .
We isolated T cells from peripheral blood samples of each patient and healthy control. T cell mRNA was extracted after 48 hours of culture with anti-CD3 and anti-CD28 antibodies. A SuperArray gene analysis using a "Neurotrophins and Receptors" plate (PAHS-31A, SABiosciences) was done to screen for potential genes of interests (Figure 2A ). The fold changes were then confirmed using RT-qPCR against healthy controls ( Figure 2C ) (detailed methods see previous publication in Soltys et al., 2014) . The mRNA levels of IL-10 and LIF were significantly increased in T cells of patients with BMS (Figure 2A) .
Discussion
Despite long-standing disease in our patients, there is minimal deterioration in healthy eyes. One hypothesis may be that a more benign clinical course can be predicted by a slower rate of RNFL deterioration in healthy eyes, compared to more aggressive forms of MS (Syc et al., 2012; Zimmermann et al., 2013; Galetta et al., 2015; Martinez-Lapiscina et al., 2016) . Our data in Table 1 support the hypothesis that the non-ON eyes have normal values in BMS patients.
There have been reports of OCT findings in other MS presentations (Cettomai et al., 2008; Dörr et al., 2011; Saidha et al., 2011; Lange et al., 2013) , including the observation that an increased thinning of RNFL correlates with disease severity in more aggressive subtypes (Oberwahrenbrock et al., 2012; Huang-Link et al., 2015) . In this study, we showed that the utility of OCT might extend into and had applications in BMS as previously reported by Huang-Link et al. (2015) . It is challenging to differentiate BMS from more progressive forms of MS based on clinical characteristics, neuroimaging, and cerebrospinal fluid tests. OCT allows quantification of retinal structures such as RNFL thickness to trace minor alterations and the progression of neurodegeneration. While overall neurologic impairment is mild in BMS, visual dysfunction is not well captured by the EDSS, but may account for a substantial degree of disability in BMS (Galetta et al., 2015) . There is evidence that thinning of RNFL was less severe in patients with BMS than in patients with other MS in particular with secondary progressive MS (Balk et al., 2014) . Despite great utility of OCT, RNFL thickness alone does not allow distinction between BMS patients and other types of MS (Balk et al., 2014) .
We therefore attempted to identify molecular signatures of BMS. Recent evidence suggests that T cell-mediated inflammation may be beneficial and neuroprotective via altered neurotrophin production in MS (Correale and Villa, 2004; Soltys et al., 2014; Johnson et al., 2016) . To the best of our knowledge, the distinct neurotrophic factor/cytokine contributions from specific cell populations have not been studied in BMS. In this study, we isolated T cells, the key mediators of MS immunopathogenesis, from peripheral blood samples of three patients with benign MS. A SuperArray gene analysis was performed to screen for neurotrophin and neurtrophin receptor related genes. BMS patients demonstrate significantly elevated mRNA levels of IL-10 and LIF in T cells, which was consistent with previous studies showing that mRNA expression of IL-10 and LIF in peripheral blood mononuclear cells was elevated in patients with stable MS than in patients with active MS (Byskosh and Reder, 1996; Krakauer et al., 2008; Metcalfe et al., 2015) . Furthermore, the mRNA levels of IL-6, novel neurotrophin receptor, and neurotensin high affinity receptor 1 were decreased in patients with BMS than in healthy controls. This supports our previous report that interferon-β treatment can induce the expression of anti-inflammatory cytokines and upregulate neurotensin high affinity receptor 1 in T cells (Soltys et al., 2014; . IL-6, secreted by T cells and macrophages during infection and trauma, acts mostly as pro-inflammatory cytokine in MS (Melamed et al., 2015) . IL-6 together with transforming growth factor-β mediates Th17/Treg balances by promoting Th17 development and accelerating FoxP3 degradation (Kimura and Kishimoto, 2010). Therefore, decreased IL-6 in T cells from the BMS patients could be another surrogate marker for BMS. Although we cannot generalize the potential roles of these specific factors given our small sample size, our findings show that a more benign clinical course leads to a more distinct neurotrophin gene expression profile which in combination with OCT measurement could serve as biomarkers to aid the diagnosis of BMS. Further investigations with larger cohorts over time will allow us to extend our observation.
This study provides evidence that OCT and T cell neurotrophin mRNA gene expression profiling represents plausible technologies to help differentiate BMS from progressive MS. However, in this study, only three patients with benign MS were recruited. Therefore, OCT studies involving a larger cohort of patients with gene expression profile are needed to confirm our findings. Given the diverse presentations of clinical courses in BMS patients, it is likely that neither approach alone will suffice. A collaborative approach that correlates routine imaging findings (MRI, OCT) to blood and CSF biomarkers, EDSS and non-motor symptoms may best capture the range of benign clinical courses in a more prospective manner. 
